Several long-term temporal analyses of the structure of Robertsonian (Rb) hybrid zones in the western house mouse, Mus musculus domesticus, have been performed. Nevertheless, the detection of gradual or very rapid variations in a zone may be overlooked when the time elapsed between periods of study is too long. The Barcelona chromosomal polymorphism zone of the house mouse covers about 5000 km 2 around the city of Barcelona and is surrounded by 40 chromosome telocentric populations. Seven different metacentrics and mice with diploid numbers between 27 and 40 chromosomes and several fusions in heterozygous state (from one to seven) have been reported. We compare the present (period 2008-2010) and past (period 1996-2000) structure of this zone before examining its dynamics in more detail. Results indicate that there is not a Rb race in this area, which is consistent with the proposal that this zone was probably originated in situ, under a primary intergradation scenario. The lack of individuals with more than five metacentrics in heterozygous state in the current period suggests that selection acted against such mice. By contrast, this situation did not occur for mice with fewer than five fusions in heterozygous condition. Changes in human activity may affect the dynamics of gene flow between subpopulations, thus altering the chromosomal composition of certain sites. Although these local variations may have modified the clinal trend for certain metacentrics, the general staggered structure of the zone has not varied significantly in a decade.
INTRODUCTION
Chromosomal hybrid zones are regions in which differentiated chromosomal populations come into contact, reproduce and give rise to descendants with mixed karyotypes (Barton and Hewitt, 1985) . These zones are of particular interest because they constitute natural scenarios in which to investigate the mechanisms involved in chromosomal speciation. Classical evolutionary models consider hybrid sterility as the main factor involved in these processes, as individuals that are heterozygous for chromosomal rearrangements are partially or totally infertile, due either to segregation problems or to their recombinant products that generate unbalanced gametes. However, a different point of view has been suggested by recent theoretical models, which assume that the reduction of recombination between chromosomes, that are carriers of different rearrangements, is the decisive factor in speciation (see, for example, review in Faria and Navarro, 2010) .
The western house mouse, Mus musculus domesticus, is a good model to study these evolutionary mechanisms in mammals because of the structural predisposition of its chromosomes to originate Robertsonian (Rb) translocations, centromeric fusions of pairs of acrocentric or telocentric chromosomes to form metacentrics (Gropp and Winking, 1981) . Although the species has a standard (St) karyotype of 40 telocentric chromosomes, individuals with 22 to 39 chromosomes have been detected in several natural populations (see, for example, Piálek et al., 2005) . After the arrival of M. musculus domesticus in eastern Europe, about 3000 years ago (Cucchi et al., 2005) , numerous chromosomal races (contiguous populations that share the same chromosomal composition in the homozygous state; Hausser et al., 1994) , or metacentric populations (geographical groupings characterized by the same set of fusions in a fixed or nearly fixed state; Piálek et al., 2005) were described in areas ranging from the Orkney islands (Scotland) to the north of Africa and the Middle East (Adolph and Klein, 1981; Gazave et al., 2003; Piálek et al., 2005; Gündüz et al., 2010) .
Contact zones between two races are an interesting scenario for studying evolutionary dynamics in chromosomal rearrangements in a hybrid zone. Although some authors suggest that, theoretically, these zones are ephemeral and unstable (Harrison, 1990) , numerous hybrid areas persist spatially and temporally in dynamic equilibrium as tension zones between selection against hybrids and migration (Endler, 1977; Barton and Hewitt, 1985; Barton and Gale, 1993) . Thus, spatio-temporal analyses are essential to detect possible timescale movements that could alter evolutionary outcomes inside the contact zone (Buggs, 2007) and to provide insight into spatial structure and dispersal patterns, low hybrid fitness and selection against those hybrids (Barton and Gale, 1993) .
When there is contact between two chromosomal races, differing in only a few metacentrics, gene flow can occur without restrictions (Wallace et al., 2002) . By contrast, the accumulation of numerous Rb translocations is related to hybrid hypofertility or sterility as a result of alterations in meiotic processes (Wallace et al., 1992; Castiglia and Capanna, 2000) . Therefore, high heterozygosity for rearrangements is expected to reduce the fitness of hybrid mice, thus limiting the gene flow between races (Hauffe and Searle, 1998; Nunes et al., 2011) .
A Rb polymorphism zone of the western house mouse is found in the vicinity of Barcelona (NE Spain). It spreads over 5000 km 2 and is surrounded by standard populations (Gündüz et al., 2001; SansFuentes et al., 2007) . Diploid numbers (2n) range between 27 and 39 chromosomes, with the lowest 2n values observed at sites located about 30 km west of the city of Barcelona. This area was first described by Adolph and Klein (1981) , and studied more extensively by Gündüz et al. (2001) and Sans-Fuentes et al. (2007) . Seven different metacentrics, Rb(3.8), (4.14), (5.15), (6.10), (7.17), (9.11) and (12.13), with a staggered clinal pattern have been reported. However, no parental Rb race, as defined by Hausser et al. (1994) , has been found. Therefore, Sans-Fuentes, (2004) proposed that this Rb area should be considered as a polymorphism zone rather than a typical chromosomal hybrid zone. Hence, we can observe an exceptional evolutionary scenario in which Rb individuals not belonging to a chromosomal race, make contact and disperse throughout a region bounded by St mice. This unusual metacentric pattern has not been reported in other Rb contact zones, and our knowledge of the area of Barcelona is relatively limited. Morphological (Muñoz-Muñoz et al., 2003 , 2006 Sans-Fuentes et al., 2009 ), ethological (Sans-Fuentes et al., 2005 and reproductive (SansFuentes et al., 2010) studies have revealed differences between St and Rb animals in the area. Nonetheless, dynamics and temporary changes of structure have not been described.
Several long-term spatio-temporal studies of Rb hybrid zones have been reported (Hauffe and Searle, 1993; Castiglia and Capanna, 1999; Faria and Navarro, 2010) . However, the detection of gradual variations or rapid changes in a zone may be overlooked when the time scale is too long. Hence, we carry out mid-term analysis focused on the detection of possible structural variations of the polymorphism area of Barcelona over the past 13 years. This period, in a temperate Mediterranean region, corresponds to nearly 50 generations of mice because of their reproductive characteristics (Castiglia and Capanna, 1999) . Thus, we assume that this is time enough to reveal detailed variations, which will allow us to obtain a more accurate vision of the dynamics of the polymorphism area at longer time scales.
Taking all this into account, our research has the following aims: (i) to report information on the past and present structure of the zone regarding the chromosomal composition by site; (ii) to determine local variations, if any, in the chromosomal characteristics and gene diversity over one decade; and (iii) to compare the past and present geographic distribution of each metacentric.
MATERIALS AND METHODS

New data
A total of 304 wild mice were live-trapped between 2008 and 2010 in commensal habitats from 29 villages in the Rb polymorphism zone of Barcelona (Figure 1 ). Karyotypes were determined from bone marrow plates (Ford, 1966) and stained using Wright Staining for G bands (Mandahl, 1992) . Chromosomes were identified under optic microscope according to the Committee on Standardized Genetic Nomenclature for Mice (1972) .
Mean and range of diploid number per site, and metacentric frequencies per site and fusion were calculated. We tested for deviations from Hardy-Weinberg equilibrium using Fisher's method for each locus in each population .
The heterozygosity per site was determined by the mean number of heterozygous chromosomes per individual (H index), the mean number of alleles in heterozygosity per locus (A/l) at each site, and the percentage of mice with one to five metacentrics in heterozygous state throughout the polymorphism zone. The population characteristics of chromosomal heterozygosity per fusion and among all fusions were estimated by Wright's F-statistics (F IS , F ST and F IT ) by the method described in Weir and Cockerham (1984) . Endogamy coefficient (F IS ) ranges from À1 to 1 and is a measure of deviation Figure 1 Localities studied from the polymorphism zone of Barcelona (see details in Table 1 Temporal analysis of the structure of a Rb polymorphism zone in the house mouse N Medarde et al between genotypic and panmictic frequencies, in terms of excess or deficiency of heterozygotes caused by the overcrossing between related individuals. The standardized variance of allele frequency (F ST ) ranges from 0 to 1 and evaluates the effect of the genetic subdivision in terms of heterozygous reduction in a population. Total consanguinity coefficient (F IT ) ranges from À1 to 1 and is associated with the inbreeding degree of individuals related to the whole population. A null distribution of F ST was generated from 5000 permutations. The observed value was considered significant when it exceeded the 95th percentile of the simulated distribution.
Mean value and s.e. of these parameters were estimated by the Jackknife method (Weir, 1990) . A global score (U) test among populations for each fusion was performed to quantify the departure of heterozygote deficiency related to the H-W expectations .
GENEPOP software version 4.0 was used to obtain metacentric frequencies, H-W equilibrium and global score (U) tests. Wright's F-statistics (estimated values, significance by permutations and jackknifing) were computed with the GENETIX software version 3.3 (Belkhir et al., 1996 (Belkhir et al., -1998 .
Temporal analyses
Data reported by Gündüz et al. (2001) and Sans-Fuentes (2004) , corresponding to the structure of the Rb polymorphism zone of Barcelona during the period 1996-2000, were pooled in order to compare: (i) the chromosomal characteristics by site (frequencies, diploid numbers and heterozygosity); (ii) the population subdivision among fusions (F-statistics); and (iii) the clinal pattern for each fusion.
Sites with Rb mice were selected for both temporal samples to contrast: first, the mean and range of diploid numbers, the H index, the proportion of individuals with one to five metacentrics in heterozygous condition and the mean A/l for each site; and second, the F-statistics (F IS , F ST , F IT ) for each metacentric. In order to test temporal differences in the frequency per fusion and site, a gene variation exact test (G test) was computed for the same polymorphic sites sampled for both periods (Garraf, Gavà, Vilanova i la Geltrú , Viladecans, La Granada, Sant Martí Sarroca, Sant Sadurní d'Anoia, Calafell, Bellaterra, Les Pobles and Santa Coloma de Queralt) by means of GENEPOP software version 4.0 .
As mice from villages lying to the north of Barcelona presented St or close to St karyotype, only the sites from the west of the distribution area were used to perform the clinal comparisons between 1996-2000 and 2008-2010 periods (following the criterion described in Gündüz et al., 2001) . The centre of the polymorphism area was calculated as the mean point between localities with the highest level of polymorphism (Garraf, Viladecans, La Granada, El Prat de Llobregat, Gavà and Sant Martí Sarroca). A logistic function (f(x) ¼ e s(x Àc) / 1 þ e s(x Àc) ) was calculated to fit the metacentric clines, where x is the geographic distance from the polymorphism centre, and s and c the maximum slope and the centre of the cline, respectively. The width (w) was calculated as the absolute value of 4 divided by the maximum slope (s) according to Endler (1977) . The software package C-Fit 6 (devised by T Lenormand) was used to obtain the parameters c and s and to compute those corresponding maximum likelihood values for each pair of clines using the metropolis algorithm (Szymura and Barton, 1986) . To examine differences between clines, it was assumed that twice the difference in log e likelihood values between constrained and unconstrained model (on cline centre for coincidence and on cline slope for concordance) follows a w 2 distribution with df equal to the difference of the parameters estimated (Fel-Clair et al., 1996) . We used Bonferroni corrections to account for concordance and coincidence multiple testing (described in Sokal and Rohlf, 1995) . Individuals with incomplete karyotype information and sites with o4 individuals were excluded from all the computed analyses.
RESULTS
New data
The chromosomal characteristics of mice from the polymorphism zone of Barcelona corresponding to the period 2008-2010 are summarized in Table 1 and Figure 1 . The seven Rb metacentrics described to date [Rb(3.8), (4.14), (5.15), (6.10), (7.17), (9.11) and (12.13)] were detected throughout the area studied. Diploid numbers ranged from 29 to 40 chromosomes and no individual with the seven metacentrics in the homozygous state (2n ¼ 26 chromosomes) was found. A total of 106 different karyotypes were observed. The lowest mean diploid numbers were detected in animals from La Granada (2n ¼ 31.56), Gavà (2n ¼ 30.50), Viladecans (2n ¼ 31.66) and El Prat de Llobregat (2n ¼ 31.79). The range of 2n was broad at sites located near the centre of the polymorphism area (Garraf: 2n ¼ 29-40; Gavà: 2n ¼ 29-36; Vilanova i la Geltrú : 2n ¼ 31-38). Rb(4.14) and (12.13) were the most widely distributed throughout the zone with a frequency of 0.52 and 0.51, respectively. Rb(9.11) and (5.15) also showed relatively high frequencies (0.49 and 0.41), whereas Rb(6.10), (3.8) and, particularly, Rb(7.17) had a more restricted distribution (frequencies: 0.20, 0.12 and 0.01, respectively). Rb(7.17) was detected at low frequencies and only in Garraf (0.08) and Sant Martí Sarroca (0.11). No significant deviations from Hardy-Weinberg equilibrium were found (P40.05 for all sites and fusions). This result was supported by the F IS estimator, close to 0 for all Rbs (Table 2) .
Results demonstrated that mice with high structural heterozygosity were commonly present throughout the area studied. Only 20 out of the 205 individuals with metacentrics were homozygous for all fusions, whereas the rest were heterozygous for at least one fusion. The mean number of heterozygous metacentrics per individual (H ; Table 1 ) and the mean number of alleles per locus (A/l; Values of F-statistics are shown in Table 2 . For overall Rbs, F ST and F IT statistics were significant (all Po0.05) indicating a moderate deficit of heterozygotes among subpopulations and within the whole Rb population. Nevertheless, the U test for heterozygote deficiency did not show significant departures from equilibrium assumptions (P40.05 for all sites and each fusion).
Despite the absence of a Rb race, chromosomal clines were defined from the region with the highest metacentric frequencies towards the periphery with St animals. The cline fitted for each fusion is shown in Figure 2 . Rb(7.17) was not considered because of its limited geographic distribution. Polymorphic sites with the highest metacentric frequencies were mainly located along 25 km from the polymorphism centre. Further from the centre these frequencies diminished and, consequently, diploid numbers increased. Mice trapped at a distance of 30 km from the centre carried a moderate number of fusions, and those trapped more than 35 km away generally had standard karyotypes. Concordance likelihood tests did not reveal significant differences in distribution pattern among metacentrics, whereas Rb(3.8) and Rb(6.10) clines were significantly non-coincident (Po0.01), showing the centres of distribution displaced (Table 4) .
Temporal analyses
In order to perform comparisons by site, chromosomal characteristics and gene diversity statistics corresponding to the earlier period (1996) (1997) (1998) (1999) (2000) were calculated (Tables 1, 2 Temporal analysis of the structure of a Rb polymorphism zone in the house mouse N Medarde et al
subpopulations (G-test) revealed temporal changes in animals from
Calafell (Rb(4.14), Po0.001; Rb(5.15), P ¼ 0.025; Rb(6.10), P ¼ 0.011; Rb(12.13), Po0.001), Garraf (Rb(5.15), P ¼ 0.002; Rb(6.10), P ¼ 0.001; Rb(9.11), P ¼ 0.001), Sant Sadurní d'Anoia (Rb(5.15), Po0.001; Rb(9.11), P ¼ 0.032), Les Pobles (Rb(4.14), P ¼ 0.007; Rb(12.13), P ¼ 0.023), La Granada (Rb(4.14), P ¼ 0.011), Gavà (Rb(6.10), P ¼ 0.031), Vilanova i la Geltrú (Rb(9.11), P ¼ 0.019) and Santa Coloma de Queralt (Rb(5.15), P ¼ 0.032). Individuals from Viladecans, Garraf and La Granada showed a high increase in H index in the present period (from 0.75 to 2.55, 1.82 to 2.61 and 1.79 to 2.56, respectively; Table 1 ). Although data from Sant Martí Sarroca, Calafell and Santa Coloma de Queralt indicated an increase in H values, the trend was quite moderate. A reduction in mean heterozygous chromosomes was found in animals from Bellaterra and Les Pobles (Table 1 ). In Bellaterra, mice carrying several fusions (Rb(4.14), (5.15) and (12.13)) were described in the 1996-2000 period, whereas no metacentrics were found in our survey. The inter-sample karyotypic heterogeneity per metacentric obtained for both periods was high, indicating differentiation between subpopulations (Table 2) . However, Rb(12.13), (4.14) and, especially, Rb(9.11) F ST values indicated a stronger differentiation between subpopulations in the earlier period.
The clinal parameters (centres and widths) fitted for the two periods studied (1996-2000 and 2008-2010) are illustrated in Figure 3 . Concordance likelihood tests did not show significant changes in the general trend of the width between periods, while coincidence tests revealed noticeable differences in centres of Rb(4.14), (6.10) and in lesser extent, Rb(5.15), (Figure 3 ). These results indicated that slight temporal changes in the geographic distribution of some metacentrics had occurred, although the Rb structure of the zone had remained relatively stable between both periods.
DISCUSSION
Previous studies of the polymorphism zone of Barcelona (Adolph and Klein, 1981; Nachman et al., 1994; Gündüz et al., 2001; Muñoz-Muñoz et al., 2003) hypothesized the presence of a chromosomal race with all fusions in the homozygous state. The data examined in these studies together with the results reported here represent a general survey, covering about 45 sites and the capture of more than 600 specimens. This information treated as a whole allows us to indicate that in the Barcelona zone there is no parental Rb race, as defined by Hausser et al. (1994) . Further, metacentric combinations obtained in each locality (Appendix) also fail to support the hypothesis of a specific metacentric population with a set of fusions fixed in the homozygous state, sensu Piálek et al. (2005) , a less strict definition of a chromosomal evolutionary entity than the Rb race proposed by Hausser et al., 1994 . Therefore, as suggested by Sans-Fuentes (2004) , it seems more appropriate to define this area as a polymorphism zone rather than a hybrid zone between two chromosomal races.
Laboratory studies in the house mouse demonstrate that Rb translocations appear spontaneously at high frequencies because of the presence of DNA sequences that make such rearrangements possible (Nachman and Searle, 1995) . The presence of one fusion could increase the mutation rate, facilitating the appearance of new fusions (Gündüz et al., 2001) . These high mutation rates supported by the effect of genetic drift, inbreeding or the meiotic drift in small and isolated subpopulations, might explain the high fixation ratio for the Rb fusions in the whole population (Hedrick, 1981; Michalakis and Olivieri, 1993; Piálek et al., 2005) . Consequently, metacentric populations may be originated in situ by the successive accumulation of Rb fusions in the same geographical area (Britton-Davidian et al. 1989) . However, it must be kept in mind that selection does not act equally for all metacentrics. Recent studies demonstrate that factors, such as genomic characteristics or the morphology of the Temporal analysis of the structure of a Rb polymorphism zone in the house mouse N Medarde et al chromosomes involved in the fusions, may affect the formation of some combinations of metacentrics negatively, reducing their fixation rate in the population (see Sans-Fuentes et al., 2007; and references therein) . Chromosomal data showed that, in both periods analysed, the animals with the highest number of fusions were confined to the same area, close to the sites of Garraf and Viladecans, indicating that the polymorphism centre is located in the surrounding areas. However, the mean and range of diploid numbers increased around this centre from one period (1996) (1997) (1998) (1999) (2000) to the next (2008) (2009) (2010) , and one animal with the standard karyotype was even found in Garraf (see Table 1 ). These results suggest that processes of introgression of animals, carrying diverse chromosomal combinations, towards the centre of polymorphism may alter the expected metacentric frequencies in the area. The arrival of allochthonous mice in the centre of a metacentric zone has also been reported in Rb populations from Italy (Franchini et al., 2007; Castiglia and Capanna, 1999) and Madeira (Nunes et al., 2005) . In those cases, as may also occur in the Rb zone of Barcelona, the action of humans on the natural landscape has influenced the dynamics of commensal mice (Chatti et al., 1999; Castiglia and Capanna, 1999) . Passive transport via vehicles, especially in farming areas, may have promoted introgression events independently of the common mouse dispersion (Cucchi et al., 2005; Franchini et al., 2007) . Hence, interaction between mice with differing degrees of polymorphism could explain the increase in the heterozygosity per site (H index and A/l) as well as the percentage of individuals with several heterozygous chromosomes detected in the last period.
F ST values for both temporal samples (1996-2000 and 2008-2010 ) indicate significant levels of genetic fragmentation within populations in the area studied. Even, the values were lower for the latest period (2008) (2009) (2010) suggesting a slight genotypic homogenization between sites.
According to Franchini et al. (2007) genetic fragmentation can be explained by the typical population dynamics of the house mouse, where commensalism has an important role limiting dispersal between sites. Hence, an increase in the heterogeneity of the distribution of some agricultural zones, related to the replacement of farms by urban zones, (as occurs in the vicinity of the cities of Barcelona, Tarragona and Lleida), and the conversion of traditional agriculture to intensive practices may have produced the isolation of specific polymorphic populations, allowing the fixation of fusions by genetic drift or inbreeding effects. This would explain the Temporal analysis of the structure of a Rb polymorphism zone in the house mouse N Medarde et al unexpectedly high frequencies of some fusions for animals trapped far from the centre of the area (for example, sites x, aa) as well as the subdivision detected in the Rb area of Barcelona. Fluctuations in genetic subdivision between the two time periods could arise as a consequence of the recent apparition of some of the chromosomal mutations detected in the area. If so, it could be assumed that the Rb population has not already reached its own migration-drift balance and that the differences in F ST detected between the two time periods could simply reflect the system approaching equilibrium. Nevertheless, if migration-drift equilibrium has been reached, passive transport of animals associated with human activities could produce a genotypic homogenization between demes, thus varying the F ST values in the population (see for example, Castiglia and Capanna, 1999) .
Classical theories of hybrid fitness suggest that mice with some heterozygous translocations tend to be eliminated from the hybrid zones because of their adverse effect on fertility due to the high percentage of aneuploid gametes (Wallace et al., 1992; Hauffe and Searle, 1998) . Conversely, in the Rb polymorphism zone of Barcelona, mice with six or even seven heterozygous fusions were reported in the 1996-2000 period. Indeed, individuals with one to four metacentrics in the heterozygous state were commonly detected in the current sample. A priori, this situation suggests that selection against hybrids was not as strong as expected. However, individuals with more than five heterozygous fusions were not found in the period 2008-2010. This situation may indicate that selection acts against hybrids only when individuals present more than five fusions in the heterozygous state. This is consistent with the results reported in other Rb systems Abbreviations: c, centre of the clines fitted; P val conc, probability of concordance obtained in the maximum likelihood test between constrained and unconstrained models for clinal widths; P val coinc, probability of coincidence obtained in the maximum likelihood test between constrained and unconstrained models for clinal centres; w, width of the clines fitted.
Temporal analysis of the structure of a Rb polymorphism zone in the house mouse N Medarde et al of the house mouse, according to which the presence of one to three fusions in the heterozygous state was not related to significant alterations in reproduction (Wallace et al., 1992 (Wallace et al., , 2002 . In models of selection against hybrids, the width of a metacentric cline, assumed as a parameter of the extent of gene flow at the centre of the zone, may provide supplementary information about the reproductive isolation of a hybrid zone (Barton and Gale, 1993) . Especially, when genetic flow occurs and there is no strong effect against hybrids, clines tend to be wide (Sage et al., 1993) . Analyses from the general clinal trend in the polymorphism zone of Barcelona showed several broad metacentric clines (Figure 2 ), indicating that gene flow between St and Rb mice occurs. This finding concurs with the results for the chromosomal parameters (range and mean of 2n, H, A/l per site and frequencies for each metacentric), in which genetic exchange between populations may have an important role.
Comparative analyses among clines corresponding to the 2008-2010 period indicated that all fusions follow a concordant pattern across the area studied. By contrast, the non-coincidence of the centres for Rb(3.8) and (6.10) significantly displaced from the rest of clines indicated a staggered structure. When substantial chromosomal differences between St and Rb races are found, as in mice from Italy (Franchini et al., 2010) and Tunisia , selective forces tend to preserve the clines together due to hybrid unfitness (Searle, 1993) . By contrast, staggering can occur when those chromosomal differences are fewer and constraining forces are weaker, for example, in primary contact between St and Rb animals with few fusions. Considering that the presence of a Rb translocation leads to the appearance of new chromosomal fusions (Winking, 1986) , under a primary contact scenario, the staggering of the clines could reflect the order of appearance of the fusions. The most widespread (that is, Rb(12.13)) would be the earliest formed, and those with the smallest distribution (Rb(3.8) and (7.17)) would be the most recent (Figure 3) . The primary contact hypothesis is supported by the fact that the combination of metacentrics of the Barcelona polymorphism zone has not been reported elsewhere (Piálek et al., 2005) and that metacentrics shared with other Rb systems have an independent origin (Riginos and Nachman, 1999) . Although staggered clines have also been detected in other Rb zones of M. musculus domesticus, the presence of metacentric races in close geographic regions supports the hypothesis of secondary contact in these areas (Gündüz et al., 2010) .
Clinal comparison for each fusion indicated that the general clinal structure of the metacentrics did not change significantly between 1996-2000 and 2008-2010 . Nevertheless, the Rb(4.14), (6.10) and (5.15) showed variation in the position of their cline centres. Although the current trend shows a backward movement for Rb(4.14) and Rb(5.15) towards the centre of polymorphism, the clines of Rb(6.10) indicate that this fusion has spread over the last decade. Hybrid zones can move when ecological (Bull and Burzacott, 2001) , behavioural (Cabrero et al., 1999; Leaché and Cole, 2007) or some other kind of advantage for one hybridizing taxa (Dorken and Pannell, 2007) occurs. In this case the zone would move in favour of the superior taxon (Barton and Hewitt, 1985; Yannic et al., 2009) . Otherwise, the movement of these zones could also take place to local regions of low dispersal or low population density (Barton and Hewitt, 1985) . In the Rb polymorphism zone around Barcelona, the disequilibrium between anthropogenic activities (urbanization, commercial transport or desertion of rural zones) and dynamics on mice raciation may be responsible for the movement of the centre of metacentric clines. The magnitude and frequency of these events, as well as the fixation degree of each fusion in each population, may indirectly alter the selection/dispersal balance in the tension zone. Therefore, intrinsic variations in local chromosomal composition may reverberate under the global structure of the contact zone. Nevertheless, it is necessary to continue evaluating the effects of complex local variations under the global clinal pattern to avoid overestimation of the changes detected between periods.
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